Abstract-In this paper, seven self-accelerating iterative methods with memory are derived from an optimal two-step Steffensen-type method without memory for solving nonlinear equations, their orders of convergence are proved to be increased from 4 to 2 6 , (5 17) / 2 ,5 and (5 33) / 2
Introduction
Considering iterative methods to solve a nonlinear equation ( ) 0 f x , the most famous method is Newton's method (NM, see 
f x f x f x n n n f x n f x x f x n n n , Newton's method becomes Steffensen's method (SM, see [1] ). Steffensen's method is a tough competitor of Newton's method since it is derivative free. Because Kung and Traub conjectured in 1974 that a multipoint iteration based on m evaluations without memory has optimal order 1 2 m of convergence (see [2] ), NM and SM are one-step methods of optimal order without memory. The efficiency index of them is 2 1.4142 .
Further, a parametric Steffensen's method (PSM) was suggested in Section 8.4 in [3] :
Some other optimal multipoint Steffensen-type methods without memory were derived in [4] [5] [6] [7] . General optimal derivative-free iterative methods for solving nonlinear equations were introduced in [2] and [7] . Two-step selfaccelerating Steffensen-type methods were investigated in [8] [9] [10] . Steffensen-type methods and their applications in the solution of non-linear systems and nonlinear differential equations were discussed in the literature (see [1, 3, 4, 8, 9] ). This work suggests seven self-accelerating iterative methods with memory for solving nonlinear equations in section 2, proves their high orders of super convergence in section 3, demonstrates examples and applications in section 4, and makes conclusions in section 5.
The self-accelerating methods
By using second-order Newtonian interpolation 
, . 
where ( ) n n n n z x f x ETheorem 2.1 (see [7] 
By Newton's interpolation formula on points n x , 1 n y and 1 n x as Follows:
we propose the seventh self-accelerating Steffensen-type methods: compute (4) with
3. The convergence
be an open set, 0
x be close enough to a , then SASTM1, SASTM2 and SASTM4 achieve the convergence of order 2 6 , SASTM3 and SASTM5 achieve the convergence of order (5 17 y n y n z n n f x z a n n f x z n n y f x y a f x y z e e n n n n n n n y f x y f x y z e e n n n n n n n y z f x y z e f x y z a e e n n n n n n n n n y f x y f x y z e e n n n n n n n f x z a n n f x z n n f x y z f x y z a n n n n n n Table II. 
Conclusions
In this work, we derive seven self-accelerating Steffensentype methods with memory for solving nonlinear equations and establish the comparative advantage of high efficiency theoretically and numerically. The suggested self-accelerating methods without derivative are convenient to be applied in the multiple shooting method for solving boundary-value problems of nonlinear ODEs, where derivatives are difficult to be obtained.
